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(57) The present invention relates to an automatic 
dispersion compensating optical link system. Carrier 
suppressed R2 encoded optical signals generated us- 
ing carrier suppressing means and binary NRZ code or 
partial response code, or carrier suppressed clock sig- 
nals generated using carrier suppressing means and 
clock signals are transmitted on an optical transmission 
line. Two bands of the carrier suppressed R2 encoded 



optical signals orcarrier suppressed clock signals trans- 
mitted on the optical transmission line are each divided 
into bands and are received. Phase information of the 
respective basebands is extracted from the binary NRZ 
code components or partial response code components 
or clock signals in each band and the relative phase dif- 
ference thereof is detected. The chromatic dispersion 
value of the optical transmission line is then calculated 
from the relative phase difference. 



FIG. 1 



BASIC STRUCTURE 
OF THE AUTOMATIC DISPERSION COMPENSATING 
OPTICAL LINK SYSTEM OF THE PRESENT INVENTION 



CM 
< 

00 

CM 

CL 
UJ 



OPTICAL 
TRANSMITTING 
APPARATUS 



CARRIER 
SUPPRESSED 
RZ ENCODED 
OPTICAL 
SIGNALS 



3 ~\ 




OPTICAL RECEIVING APPARATUS 



CARRIER 
SUPPRESSED 
CLOCK 
SIGNALS 

CLOCK 
- SIGNALS 
<N/2Hz) 

BINARY NRZ SIGNALS 

PARTIAL RESPONSE SIGNALS (DUOB I NARY SIGNALS) 

CLOCK SIGNALS 

(Nbit/s) 



DISPERSION 
COMPENSATION 



BAND 
DIVISION 



RELATIVE 
PHASE 
DIFFERENCE 
DETECTION 



Printed by Jouve. 75001 PARIS (FR) 

^SDOCID:<EP 1271814A2 I > 



1 



EP 1 271 814 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a high preci- 
sion chromatic dispersion measuring method that pre- 
cisely measures chromatic dispersion values of the op- 
tical transmission line in an optical link system that uses 
an optical transmission line having chromatic dispersion 
such as an optical fiber and then calculates a compen- 
sation amount for the measured chromatic dispersion. 
Furthermore, the present invention relates to an auto- 
matic dispersion compensating optical link system that 
automatically compensates chromatic dispersion in the 
optical transmission line and also polarization mode dis- 
persion by controlling a dispersion compensator based 
on a compensation amount calculated using the above 
method. 

[0002] This application is based on Patent Application 
No. 2001 -1 981 37 filed in Japan, the content of which is 
incorporated herein by reference. 

Description of the Related Art 

[0003] In an optical link system that uses high-speed 
channels, degradation in the waveform is generated by 
the chromatic dispersion or higher order dispersion such 
as a dispersion slope of the optical fiber and the like 
forming the optical transmission line, and the degrada- 
tion in the transmission quality which is created by the 
degradation is a problem. Specifically the degradation 
is generated as a result of chromatic dispersion in the 
optical fiber or higher order dispersion thereof acting on 
the bandwidth of the optical signal causing the optical 
pulse waveform to breakdown, and allowing interfer- 
ence from adjacent optical pulses to be received. More- 
over, because the chromatic dispersion of the optical fib- 
er and the like also varies due to the ambient tempera- 
ture, this also affects the stability of the transmission 
quality. Furthermore, a similar problem is also created 
when a chromatic dispersion is changed because of 
route switching when a fault such as a broken line oc- 
curs in a particular transmission section. 
[0004] In order to solve these problems various chro- 
matic dispersion measuring methods and automaticdis- 
persion compensating optical link systems combined 
with dispersion compensation technologies have been 
proposed. One of these is a method in which the inten- 
sity of an optical clock signal extracted from received 
optical signals is monitored and the chromatic disper- 
sion values are controlled such that the intensity is set 
either to the maximum or the minimum. 
[0005] FIGS. 27A and 27B show the relationship be- 
tween optical clock signal intensity and chromatic dis- 
persion values for an 40 Gbit/s RZ signal generated us- 
ing optical time division multiplexing (OTDM) and for a 



normal RZ signal with a duty ratio of 50% (cited docu- 
ment: G. Ishikawa and H. Ooi, "Demonstration of Auto- 
matic Dispersion Equalization in 40 Gbit/s OTDM Trans- 
missions", Technical Digest of European Conference on 

5 Optical Communication, pp. 519-520, 1998). 

[0006] Because the optical clock signal intensity in the 
40 Gbit/s RZ signal generated using OTDM shown in 
FIG. 27A has a local minimum value at the point when 
the eye opening is at maximum, the chromatic disper- 

10 sion values are controlled such that the optical clock sig- 
nal intensity is a local minimum value. In contrast, in the 
case of the RZ signal with a duty ratio of 50% shown in 
FIG. 27B, the chromatic dispersion values are controlled 
such that the optical clock signal intensity shows the 

15 maximum value. 

[0007] In the above described conventional method, 
a simple correlation is assumed between the optical 
clock signal intensity and the eye-opening, and makes 
use of the characteristic that when the optical clock sig- 

20 nal intensity becomes a local minimum value in an OT- 
DM signal, and when the optical clock signal intensity 
reaches maximum in an RZ signal, the chromatic dis- 
persion amount of the optical signal is zero and the eye 
opening reaches the maximum. 

25 [0008] However, this is only true in the case where the 
incident light power into the optical fiber is sufficiently 
small and phase modulation caused by non-linear opti- 
cal effects can be negligible. In contrast, in an actual 
transmission system there is practically no way to carry 

30 out the transmission under the above conditions and it 
is not possible to disregard the influence of non-linear 
optical effects such as cross phase modulation in wave- 
length division multiplexing and four-wave mixing, and 
self phase modulation effects. Namely in a transmission 

35 medium such as an optical fiber, self phase modulation 
is generated by the optical non-linearity of the transmis- 
sion medium itself, and due to the interaction of this self 
phase modulation and of the chromatic dispersion it 
cannot be guaranteed that zero dispersion will be the 

40 optimum dispersion value. In such cases, there is no 
guarantee that the point where the local minimum (max- 
imum) clock signal intensity and the eye opening is at 
maximum will match the point where the chromatic dis- 
persion is at zero. Namely, in the conventional technol- 

45 ogy it is difficult to achieve a sufficient suppression in 
transmission quality degradation using chromatic dis- 
persion compensation. 

[0009] Moreover, as described above, because the 
optimum dispersion value is obtained when the optical 

50 clock signal intensity is at the local minimum value and 
at the maximum value for an OTDM signal and RZ sig- 
nal, respectively, the control method differs greatly in ac- 
cordance with the encoding format. Furthermore, al- 
though in an OTDM signal the optical clock signal inten- 

55 sity is at the local minimum value when the eye opening 
is at maximum, two local maximums exist in the vicinity 
of the local minimum value. Therefore, to keep the op- 
tica! clock signal intensity automatically to the local min- 
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imum value is extremely difficult. Moreover, as the max- 
imum of the optical clock signal intensity is 0.8 and the 
minimum thereof is 0.4 5 the dynamic range thereof is 
only 3dB. Accordingly, it is also difficult to perform stable 
control from the viewpoint of the SN ratio as well. 
[0010] Furthermore, in the conventional technology, 
when monitoring the optical clock signal intensity in ac- 
cordance with the chromatic dispersion, the optical 
clock signal intensity changes in the same way regard- 
less of whether the chromatic dispersion shifts to the 
positive side or to the negative side, and the direction 
of the shift of a chromatic dispersion value is unknown. 
Therefore, in order to determine that direction, it is nec- 
essary to intentionally generate degradation in the eye 
opening by shifting the chromatic dispersion value. 
Namely, because it is not possible to avoid the degra- 
dation in the transmission quality caused by the degra- 
dation in the eye opening, monitoring the optical clock 
signal intensity while transmission is being performed 
has been difficult. 

SUMMARY OF THE INVENTION 

[001 1 ] It is therefore an object of the present invention 
to provide a high precision chromatic dispersion meas- 
uring method that precisely measures a chromatic dis- 
persion value of an optical transmission line and then 
calculates a chromatic dispersion compensation 
amount to compensate for the chromatic dispersion val- 
ue, without imparting any effect such as a short break 
of the main signal while the transmission is being per- 
formed. 

[0012] It is a further object of the present invention to 
provide an automatic dispersion compensating optical 
link system that combines the above high precision 
chromatic dispersion measuring method with a disper- 
sion compensator, and automatically compensates for 
chromatic dispersion and fluctuations thereof in an op- 
tical transmission line by controlling the dispersion com- 
pensator based on a calculated chromatic dispersion 
compensation amount, and thereby achieves an im- 
provement in the stability and reliability of the optical link 
system. 

[0013] According to the present invention, the above 
aims can be achieved by a high precision chromatic dis- 
persion measuring method, comprising the steps of: an 
optical signal transmission step in which digital optical 
signals are transmitted on an optical transmission line; 
an optical signal receiving step in which the digital opti- 
cal signals transmitted on the optical transmission line 
are separated into at least two band components and 
are received; and a chromatic dispersion value calcula- 
tion step in which a chromatic dispersion value is calcu- 
lated forthe optical transmission line, based on informa- 
tion about a relative phase difference between the re- 
ceived band components. 

[0014] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
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dispersion measuring method, wherein the digital opti- 
cal signals are carrier suppressed RZ encoded optical 
signals generated using carrier suppressing means and 
binary NRZ code or partial response code, or are carrier 
5 suppressed clock signals generated using carrier sup- 
pressing means and clock signals, wherein, in the opti- 
cal signal receiving step, two bands of the carrier sup- 
pressed RZ encoded optical signals or of the carrier sup- 
pressed clock signals transmitted on the optical trans- 
10 mission line are each divided into bands and are re- 
ceived, and wherein, in the chromatic dispersion value 
calculation step, phase information on the respective 
basebands is extracted from binary NRZ code compo- 
nents or partial response code components or clock sig- 
15 nals in each of the bands and a relative phase difference 
thereof is detected, and a chromatic dispersion value of 
the optical transmission line is calculated from the rela- 
tive phase difference. 

[0015] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
dispersion measuring method, wherein the digital opti- 
cal signals are carrier suppressed RZ encoded optical 
signals generated using carrier suppressing means and 
binary N RZ code or partial response code, or are carrier 
suppressed clock signals generated using carrier sup- 
pressing means and clock signals, wherein, in the opti- 
cal signal receiving step, both of the two bands and one 
of the two bands of the carrier suppressed RZ encoded 
optical signals or of the carrier suppressed clock signals 
transmitted on the optical transmission line are each di- 
vided into bands and are received, and wherein, in the 
chromatic dispersion value calculation step, phase in- 
formation on the respective basebands is extracted from 
binary RZ or NRZ code components or partial response 
code components or clock signals in each of the bands 
and a relative phase difference thereof is detected 5 and 
a chromatic dispersion value of the optical transmission 
line is calculated from the relative phase difference. 
[0016] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
dispersion measuring method, wtterein the digital opti- 
cal signals are carrier suppressed RZ encoded optical 
signals generated using carrier suppressing means and 
binary NRZ code or partial response code, or are carrier 
suppressed clock signals generated using carrier sup- 
pressing means and clock signals, wherein, in the opti- 
cal signal receiving step, one of the two bands of the 
carrier suppressed RZ encoded optical signals or of the 
carrier suppressed clock signals transmitted on the op- 
tical transmission line is received, and wherein, in the 
chromatic dispersion value calculation step, phase in- 
formation on the basebands of binary NRZ code com- 
ponents or partial response code components or clock 
signals in each of the bands is extracted, and a relative 
phase difference between the detected phase and a 
phase state measured for a reference dispersion value 
in advance is detected, and a chromatic dispersion val- 
ue of the optical transmission line is calculated from the 
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relative phase difference. 
[0017] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
dispersion measuring method, wherein the digital opti- 
cal signals are carrier suppressed RZ encoded optical 5 
signals generated using carrier suppressing means and 
binary NRZ code or partial response code, or are carrier 
suppressed clock signals generated using carrier sup- 
pressing means and clock signals, wherein, in the opti- 
cal signal receiving step, both of the two bands and one 
of the two bands of the carrier suppressed RZ encoded 
optical signals or of the carrier suppressed clock signals 
transmitted on the optical transmission line is sequen- 
tially received with the division band switched, and 
wherein, in the chromatic dispersion value calculation 
step, phase information on the respective basebands is 
extracted from binary RZ or NRZ code components or 
partial response code components or clock signals in 
each of the bands and a relative phase difference there- 
of is detected, and a chromatic dispersion value of the 
optical transmission line is calculated from the relative 
phase difference. 

[0018] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
dispersion. measuring method, wherein the digital opti- 
cal signals are NRZ encoded optical signals, RZ encod- 
ed optical signals or optical clock signals, wherein, in 
the optical signal receiving step, two vestigial side bands 
(VSB) of the NRZ encoded optical signals, the RZ en- 
coded optical signals or the optical clock signals trans- 
mitted on the optical transmission line are each divided 
into bands and are received, and wherein, in the chro- 
matic dispersion value calculation step, phase informa- 
tion of respective basebands is extracted from NRZ 
components or clock components in each band and a 
relative phase difference thereof is detected, and a chro- 
matic dispersion value of the optical transmission line is 
calculated from the relative phase difference. 
[0019] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
dispersion measuring method, wherein the digital opti- 
cal signals are NRZ encoded optical signals, RZ encod- 
ed optical signals or optical clock signals, wherein, in 
the optical signal receiving step, both of the two VSB 
bands and one of the two VSB bands of the N RZ encod- 
ed optical signals, the RZ encoded optical signals or the 
optical clock signals transmitted on the optical transmis- 
sion line are each divided into bands and are received, 
and wherein, in the chromatic dispersion value calcula- 
tion step, phase information of respective basebands is 
extracted from NRZ components or clock components 
in each band and a relative phase difference thereof is 
detected, and a chromatic dispersion value of the optical 
transmission line is calculated from the relative phase 
difference. 

[0020] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
dispersion measuring method, wherein the digital opti- 
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cal signals are NRZ encoded optical signals, RZ encod- 
ed optical signals or optical clock signals, wherein, in 
the optical signal receiving step, one of the two VSB 
bands of the NRZ encoded optical signals, the RZ en- 
coded optical signals or the optical clock signals trans- 
mitted on the optical transmission line is received, and 
wherein, in the chromatic dispersion value calculation 
step, phase information of respective basebands is ex- 
tracted from NRZ components or clock components in 
the band, and a relative phase difference between the 
phase information and a phase state measured for a ref- 
erence dispersion value in advance is detected, and a 
chromatic dispersion value of the optical transmission 
line is calculated from the relative phase difference. 
[0021] According to the present invention, the above 
aims can also be achieved by a high precision chromatic 
dispersion measuring method, wherein the digital opti- 
cal signals are NRZ encoded optical signals, RZ encod- 
ed optical signals or optical clock signals, wherein, in 
the optical signal receiving step, both of the two VSB 
bands and one of the two VSB bands of the NRZ encod- 
ed optical signals, the RZ encoded optical signals or the 
optical clock signals transmitted on the optical transmis- 
sion line is sequentially received with the division band 
switched, and wherein, in the chromatic dispersion val- 
ue calculation step, phase information of respective 
basebands is extracted from NRZ components or clock 
components in each band and a relative phase differ- 
ence thereof is detected, and a chromatic dispersion 
value of the optical transmission line is calculated from 
the relative phase difference. 

[0022] According to the present invention, the above 
aims can also be achieved by an automatic dispersion 
compensating optical link system comprising a device 
which calculates a chromatic dispersion value for an op- 
tical transmission line using any of the high precision 
chromatic dispersion measuring methods described 
above that is provided on an optical transmitting appa- 
ratus and an optical receiving apparatus connected via 
an optical transmission line. 

[0023] According to the present invention, the above 
aims can also be achieved by an automatic dispersion 
compensating optical link system, wherein the automat- 
ic dispersion compensating optical link system being 
further provided with a dispersion compensating device 
which performs dispersion compensation in any of the 
optical transmitting apparatus, the optical receiving ap- 
paratus, and the optical transmission line based on a 
chromatic dispersion value for the optical transmission 
line calculated by the device for calculating the chromat- 
ic dispersion value. 

[0024] According to the present invention, the above 
aims can also be achieved by an automatic dispersion 
compensating optical link system, wherein the optical 
transmitting apparatus and the optical receiving appa- 
ratus are respectively formed by wavelength-division 
multiplexing transmitting apparatus and wavelength-di- 
vision multiplexing receiving apparatus, and wherein the 
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device for calculating the chromatic dispersion value 
calculates the chromatic dispersion value of at least one 
wavelength channel. 

[0025] According to the present invention, the above 
aims can also be achieved by an automatic dispersion 5 
compensating optical link system, wherein the automat- 
ic dispersion compensating optical link system is further 
provided with a dispersion compensating device that 
performs dispersion compensation based on a calculat- 
ed chromatic dispersion value for the optical transmis- io 
sion line. 

[0026] According to the present invention, the above 
aims can also be achieved by an automatic dispersion 
compensating optical link system, wherein the optical 
transmitting apparatus generates carrier suppressed 15 
RZ encoded signals generated using carrier sup- 
pressed clock generation device and binary NRZ code 
or partial response encoding device, and transmits the 
generated signals on the optical transmission line, and 
wherein the optical receiving apparatus comprises: a 20 
chromatic dispersion compensating device that per- 
forms chromatic dispersion compensation by changing 
a chromatic dispersion amount; a band dividing device 
that divides each of two bands of the carrier suppressed 
RZ encoded optical signal; a photoelectric conversion 25 
device that converts optical signals of each of the divid- 
ed bands into electrical signals; a band extracting device 
that extracts a band having an arbitrary center frequen- 
cy from baseband signals output from the photoelectric 
conversion device; and a phase comparing device that 30 
extracts and compares phase information of bands hav- 
ing the same center baseband frequencies extracted 
from the optical signals of the respective bands. 
[0027] According to the present invention, the above 
aims can also be achieved by an automatic dispersion 35 
compensating optical link system, wherein the optical 
transmitting apparatus generates carrier suppressed 
RZ encoded optical signals generated using carrier sup- 
pressed clock generation device and binary NRZ code 
or partial response encoding device, and transmits the 40 
generated signals on the optical transmission line, and 
wherein the optical receiving apparatus comprises: a 
chromatic dispersion compensating device that per- 
forms chromatic dispersion compensation by changing 
a chromatic dispersion amount; a band dividing device 45 
that divides each of two bands of the carrier suppressed 
RZ encoded optical signal; an optical band extracting 
device that extracts an optical band having an arbitrary 
center frequency from the respective divided bands; a 
photoelectric conversion device that converts optical so 
bands extracted from the respective bands into electri- 
cal signals; and a phase comparing device that extracts 
and compares phase information from baseband sig- 
nals extracted from the photoelectric conversion device. 
[0028] According to the present invention, the above 55 
aims can also be achieved by an optical receiving ap- 
paratus, comprising: a device which separates out and 
extracts two different frequency components from 



among optical spectrum components of the received 
digital optical signals; a phase comparing device which 
detects a relative phase-difference between the extract- 
ed frequency components; a chromatic dispersion 
measuring device which calculates a chromatic disper- 
sion amount of the digital optical signals due to the op- 
tical transmission line based on relative phase differ- 
ence information obtained from the phase comparing 
device; and a dispersion compensating device which 
compensates chromatic dispersion of the optical trans- 
mission line based on a measurement result of the chro- 
matic dispersion measuring device. 
[0029] In addition, it is possible to measure a chromat- 
ic dispersion value of an optical transmission line while 
the optical transmission line is actually being used with- 
out the transmission of the main signal being affected. 
Moreover, in the method and system of the present in- 
vention, there is provided sufficient detection sensitivity 



and precision compared with the dispersion tolerance 
in the bit rate of the main signal, and it is possible to 
detect and compensate against deteriorations in trans- 
mission quality caused by the effects of chromatic dis- 
persion. 

[0030] Furthermore, in the present invention, when 
tone signals are used, because it is possible to alter the 
detection sensitivity and precision flexibly, the present 
invention is able to deal with large shifts in the chromatic 
dispersion value that occur when a route is switched be- 
cause of a fault in the optical transmission line, and it is 
possible to immediately detect an appropriate disper- 
sion compensation amount and compensate the chro- 
matic dispersion. 

[0031 ] As a result, it is possible to achieve an improve- 
ment in the operating stability and reliability of an optical 
link system. Moreover, it is possible to detect degrada- 
tion in transmission quality caused by chromatic disper- 
sion independently from degradation in transmission 
quality caused by polarization mode dispersion, and to 
automatically compensate for these. This enables an 
improvement to be achieved in the reliability of the op- 
tical transmission system, and a simplification of the 
maintenance operation to be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] 

FIG. 1 is a block diagram showing the basic struc- 
ture of the automatic dispersion compensating op- 
tical link system of the present invention. 
FIG. 2 is a block diagram showing a first structural 
example of the optical transmitting apparatus 1 of 
the first embodiment. 

FIG. 3 is a block diagram showing a second struc- 
tural example of the optical transmitting apparatus 
1 of the first embodiment. 

FIGS. 4A to 4D are diagrams for explaining the 
DCS-RZ optical signal generation principle in the 
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first embodiment. 

FIGS. 5A and 5B are block diagrams showing a 
fourth structural example of the optical transmitting 
apparatus 1 of the first embodiment. 
FIG. 6 is a block diagram showing a first structural 5 
example of the optical receiving apparatus 2 of the 
first embodiment. 

FIGS. 7A to 7E are diagrams for explaining the op- 
eration of the optical receiving apparatus 2 of the 
first embodiment. w 
FIG. 8 is a block diagram showing a second struc- 
tural example of the optical receiving apparatus 2 
of the first embodiment. 

FIG. 9 is a block diagram showing a third structural 
example of the optical receiving apparatus 2 of the 15 
first embodiment. 

FIG. 10 is a block diagram showing a fourth struc- 
tural example of the optical receiving apparatus 2 
of the first embodiment. 

FIG. 11 is a block diagram showing a first structural 20 
example of the automatic dispersion compensating 
optical link system of the second embodiment. 
FIG. 1 2 is a block diagram showing a second struc- 
tural example of the automatic dispersion compen- 
sating optical link system of the second embodi- 25 
ment. 

FIG. 1 3 is a block diagram showing a third structural 
example of the automatic dispersion compensating 
optical link system of the second embodiment. 
FIG. 1 4 is a block diagram showing a first structural 30 
example of the automatic dispersion compensating 
optical link system of the third embodiment. 
FIG. 1 5 is a block diagram showing a second struc- 
tural example of the automatic dispersion compen- 
sating optical link system of the third embodiment. 35 
FIG. 1 6 is a block diagram showing a third structural 
example of the automatic dispersion compensating 
optical link system of the third embodiment. 
FIG. 17 is a block diagram showing a fourth struc- 
tural example of the automatic dispersion compen- 40 
sating optical link system of the third embodiment. 
FIG. 1 8 is a block diagram showing a first structural 
example of the automatic dispersion compensating 
optical link system of the fourth embodiment. 
FIG. 1 9 is a block diagram showing a second struc- «5 
tural example of the automatic dispersion compen- 
sating optical link system of the fourth embodiment. 
FIG. 20 is a block diagram showing a third structu ral 
example of the automatic dispersion compensating 
optical link system of the fourth embodiment. so 
FIG. 21 is a block diagram showing a fourth struc- 
tural example of the automatic dispersion compen- 
sating optical link system of the fourth embodiment. 
FIG. 22 is a block diagram showing a first structural 
example of the automatic dispersion compensating 55 
optical link system of the fifth embodiment. 
FIG. 23 is a block diagram showing a second struc- 
tural example of the automatic dispersion compen- 



sating optical link system of the fifth embodiment. 
FIGS. 24A to 24E are diagrams for explaining the 
operation of the first structural example of the auto- 
matic dispersion compensating optical link system 
of the third embodiment. 

FIGS. 25A and 25B are diagrams for explaining a 
repetitive frequency and phase difference detection 
range. 

FIGS. 26A to 26E are diagrams for explaining the 
operation of the first structural example of the auto- 
matic dispersion compensating optical link system 
of the fourth embodiment. 

FIGS. 27A and 27B are diagrams showing a rela- 
tionship between optical clock signal intensity and 
chromatic dispersion values. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] FIG. 1 shows the basic structure of the auto- 
matic dispersion compensating optical link system of the 
present invention. 

[0034] In FIG. 1 , the automatic dispersion compensat- 
ing optical link system of the present embodiment is pro- 
vided with an optical transmitting apparatus 1 and an 
optical receiving apparatus 2. The optical transmitting 
apparatus 1 transmits a carrier suppressed RZ encoded 
optical signal generated using carrier suppressing 
means and binary NRZ code or partial response code, 
or transmits a carrier suppressed clock signal generated 
using carrier suppressing means and clock signals. The 
optical receiving apparatus 2 divides into bands and re- 
ceives a carrier suppressed RZ encoded optical signal 
or a carrier suppressed clock signal transmitted via an 
optical transmission line 3, extracts a binary NRZ signal 
or partial response signal components or clock signals, 
and performs dispersion compensation based on chro- 
matic dispersion values calculated from the phase infor- 
mation thereof. 

[0035] It is also possible for an optical amplifier to be 
disposed at eitherthe transmission end or the receiving 
end of the optical transmission line 3 or else partway 
between the two so that sufficient optical power is ob- 
tained to ensure a sufficient SN ratio in the optical re- 
ceiving apparatus 2. 

[0036] Hereinbelow, a basic example is described in 
which a carrier suppressed RZ encoded optical signal 
(referred to below as a DCS-RZ optical signal) generat- 
ed from a duobinary signal is transmitted as partial re- 
sponse code, while at the receiving side a DCS-RZ op- 
tical signal is divided into bands and is received, and a 
relative phase difference in the baseband thereof is de- 
tected. However, the same description applies when bi- 
nary NRZ code, multilevel partial response code, or 
clock signals are used. A detailed description of 
DCS-RZ optical signals is given in "Duobinary Carrier- 
Suppressed Return-to-Zero Format and its Application 
to 100 GHz-spaced 8x43-Gbit/s DWDM Unrepeatered 
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Transmission over 163 km", Miyamoto Y et al M Optical 
Fiber Communication Conference and Exhibition 2001, 
OFC 2001 , Vol. 2, 2001. 

[0037] Next, a description will be given of the auto- 
matic dispersion compensating optical link system of the 
first embodiment. 

[First structural example of the optical transmitting 
apparatus 1 of the first embodiment] 

[0038] FIG. 2 shows a first structural example of the 
optical transmitting apparatus 1. In FIG. 2, the optical 
transmitting apparatus 1 is formed by a continuous wave 
light source that outputs continuous wave light, a push- 
pull type Mach-Zehnder optical modulator 12 that gen- 
erates optical duobinary signals by performing intensity 
modulation and phase modulation on continuous wave 
light using duobinary signals, and a push-pull type 
Mach-Zehnder optical modulator 13 that performs RZ 
encoding on optical duobinary signals by alternating 
phase differences using clock signals to the optical du- 
obinary signals so as to convert them to DCS-RZ optical 
signals. 

[0039] The continuous wave light source 1 1 uses, for 
example, a DFB laser. The push-pull type Mach-Zeh- 
nder optical modulators 12 and 13 are Mach-Zehnder 
interferometertypes optical intensity modulators formed 
on a lithium niobate (LN) substrate or a semiconductor 
substrate. On the two arms of each are provided elec- 
trodes for the respective modulations, and by driving 
both complementarily it is possible to perform chirp free 
modulation. Note that if an X-cut structure is employed 
here it is possible to achieve chirp free modulation using 
only one electrode. 

[0040] The operation of the optical transmitting appa- 
ratus 1 will now be described. Three-level duobinary sig- 
nals converted from binary signals are input comple- 
mentarily into each electrode of the push-pull type 
Mach-Zehnder optical modulator 12. The optical modu- 
lator 12 is thereby push-pull driven, resulting in contin- 
uous wave light output from the continuous wave light 
source 11 undergoing intensity modulation and phase 
modulation and thereby creating optical duobinary sig- 
nals having approximately half the bandwidth of normal 
NRZ encoded signals. 

[0041] These optical duobinary signals are input into 
the push-pull type Mach-Zehnder optical modulator 13 
and modulated by push-pull driving using synchronous 
clock signals. At this time, the operating voltage is set 
so that the transmittance is minimum when unmodulat- 
ed, and the frequency of the drive clock signals is set to 
half (N/2 Hz) the bit rate N bit/s of the optical duobinary 
signals generated in the previous stage. As a result, the 
push-pull type Mach-Zehnder optical modulator 13 has 
gate characteristics that have a function of performing 
alternate phase RZ encoding, and DCS-RZ optical sig- 
nals are generated. 

[0042] These operations are schematically shown in 



FIGS. 4Ato4D. FIG. 4A shows optical duobinary signals 
output from the push-pull type Mach-Zehnder optical 
modulator 1 2 of the previous stage. As is shown in FIG. 
4B, the gate phase of the push-pull drive of the push- 
5 pull type Mach-Zehnder optical modulator 13 is set to 
match the phase of the optical duobinary signals of FIG. 
4 (a). As a result, RZ encoded optical signals having the 
inter-bit phase differences shown in FIG. 4C are ob- 
tained. This is the waveform of the DCS-RZ optical sig- 
10 nals and, as is shown in FIG. 4D, the carrier component 
in the optical spectrum is suppressed so as to form an 
optical spectrum having two optical duobinary compo- 
nents with a frequency difference of N. 
[0043] Note that the frequency of the clock signals 
15 driving the push-pull type Mach-Zehnder optical modu- 
lator 1 3 of the later stage may also be set generally as 
mN/2 Hz (wherein m is a positive integer) for the bit rate 
N bit/s of the optical duobinary signals generated in the 
previous stage. For example, if m = 2, then the frequen- 
ce* cy difference of the two optical duobinary components 
of the DCS-RZ optical signals is double (i.e., 2 N Hz). 

[Second structural example of the optical transmitting 
apparatus 1 of the first embodiment] 

25 

[0044] FIG. 3 shows a second structural example of 
the optical transmitting apparatus 1 . In FIG. 3 the optical 
transmitting apparatus 1 is structured such that contin- 
uous wave light output from the continuous wave light 
30 source 11 is input into the push-pull type Mach-Zehnder 
optical modulator 13, is modulated using clock signals, 
and undergoes alternate phase RZ encoding. The car- 
rier suppressed clock signals thus generated are then 
input into the push-pull type Mach-Zehnder optical mod- 
35 ulator 1 2 where they are mod ulated using duobi nary sig- 
nals. Namely, DCS-RZ optical signals are generated by 
push-pull driving the push-pull type Mach-Zehnder op- 
tical modulator 1 3 of the previous stage using clock sig- 
nals (frequency of N/2), and by push-pull driving the 
40 push-pull type Mach-Zehnder optical modulator 12 of 
the later stage using duobinary signals (bit rate N). 

[Third structural example of the optical transmitting 
apparatus 1 of the first embodiment] 

45 

[0045] The push-pull driving signals for the push-pull 
type Mach-Zehnder optical modulator 12 shown in 
FIGS. 2 and 3 are not limited to duobinary signals and 
it is also possibleto use multilevel partial response code, 

50 or binary NRZ code, or clock signals of a frequency that 
is independent from the clock signals that drive the 
push-pull type Mach-Zehnder optical modulator 13. In 
such cases the optical signals output from the optical 
transmitting apparatus 1 become carrier suppressed RZ 

55 encoded optical signals or carrier suppressed clock sig- 
nals, and two partial response code components or bi- 
nary N RZ code components or clock signals are divided 
into bands and are received in the optical receiving ap- 
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paratus 2. 

[Fourth structural example of the optical transmitting 
apparatus 1 of the first embodiment] 

[0046] FIGS. 5A and 5B show fourth structural exam- 
ples of the optical transmitting apparatus 1 . Here, ex- 
amples corresponding to the first structural example 
shown in FIG. 2 is shown, however, it also applies to the 
second structural example shown in FIG. 3. 
[0047] In FIG. 5A a continuous wave light source 11 
is used that is structured so as to be able to superpose 
minute intensity modulation onto continuous wave light 
using tone signals supplied from the outside of the ap- 
paratus. In this case DCS-RZ optical signals are divided 
into bands and are received by the optical receiving ap- 
paratus 2, the tone signals are then extracted, and the 
phase state thereof is detected. 

[0048] Instead of directly modulating the continuous 
wave light source 11 using tone signals, it is also possi- 
ble to employ an external modulation structure that uses 
an electroabsorption optical modulator or an LN optical 
modulator. 

[0049] Further, as is shown in FIG. 5B, it is also pos- 
sible to employ a structure in which tone signals are su- 
perposed on the duobinary signals, the binary NRZ sig- 
nals, or the clock signals for driving the push-pull type 
Mach-Zehnder optical modulator 12, and then the tone 
signals are extracted in the same way by the optical re- 
ceiving apparatus 2. 

[First structural example of the optical receiving 
apparatus 2 of the first embodiment] 

[0050] FIG. 6 shows a first structural example of the 
optical receiving apparatus 2. In FIG. 6, the optical re- 
ceiving apparatus 2 is formed by a band dividing device 
21 that separates the two SSB components (i.e., the 
USB component and the LSB component) among the 
spectrum components of transmitted DCS-RZ optical 
signals; optical receivers 22-1 and 22-2 that directly de- 
tect the respective USB and LSB components and ex- 
tract the clock signal components; a phase comparator 
23 that detects the relative phase difference between 
the clock signal components; and a tunable dispersion 
compensator 24 that inputs feedback using the relative 
phase difference as information for controlling chromat- 
ic dispersion and performs chromatic dispersion com- 
pensation for the optical transmission line 3. 
[0051 ] As the band dividing device 21 it is possible to 
use an optical branching device and two optical band 
pass filters that separate USB and LSB components re- 
spectively, a Mach-Zehnder interferometer type optical 
filter formed on an optical fiber or optical waveguide, or 
an arrayed waveguide grating (AWG). The optical re- 
ceivers 22 have a photoelectric conversion function and 
a signal reproduction function, and outputs clock signals 
extracted using timing extraction circuits. The phase 



comparator 23 employs a mixer that outputs a voltage 
that corresponds to the phase difference between two 
clock signal components output from each of the timing 
extraction circuits of the optical receivers 22-1 and 22-2, 

5 or determines the phase difference by performing wave- 
form sampling via an A/D converter or the like. 
[0052] The tunable dispersion compensator 24 
changes a dispersion amount on the basis of chromatic 
dispersion control information, and a structure that em- 

10 ploys, for example, an AWG (e.g., Hirano A. et al., "640 
Gbit/s (1 6 channel/spl times/ 42.7 Gbit/s) WDM L-band 
DSF Transmission Experiment Using a 25 nm Band- 
width AWG Dispersion Slope Compensator", Electron- 
ics Letters, Vol. 36, No. 19, pp. 1638-1639, 2000) or VI- 

15 pa (Shirasaki M. et al., "Variable Dispersion Compen- 
sator Using a Virtually Imaged Phase Array (VI PA) for 
40 Gbit/s WDM Transmission Systems", ECOC 2000 
PDP), or a variable fiber grating (Ohn. M.M. et al., "Dis- 
persion Variable Fiber Bragg Grating Using a Piezoe- 

20 lectric Stack", Electronics Letters, Vol. 32, No. 21, pp. 
2000-2001 , 1996) may be used. 

[0053] A description will now be given of the operation 
of the optical receiving apparatus 2 with reference to 
FIGS. 7A to 7E. In the optical spectrum of DCS-RZ op- 

25 tical signals output from the optical transmitting appara- 
tus 1 , the two USB and LSB components are separated 
by a frequency corresponding to a bit-rate N (see FIG. 
7A). DCS-RZ optical signals transmitted along the opti- 
cal transmission line 3 are input into the band dividing 

30 device 21 of the optical receiving apparatus 2, and the 
USB and LSB components are respectively selected 
(FIG. 7B). The USB and LSB components each undergo 
squared detection by the optical receivers 22-1 to 22-2 
(FIG. 7C) , and clock signals are extracted using a timing 

35 extraction circuit (FIG. 7D). The phase comparator 23 
then determines a relative phase difference A<D in the 
clock signals corresponding to the two USB and LSB 
components, and feeds it back to the tunable dispersion 
compensator 24 as chromatic dispersion control infor- 

40 mation. The tunable dispersion compensator 24 chang- 
es the dispersion amount based on the chromatic dis- 
persion control information, and performs control such 
that a total chromatic dispersion value including the 
chromatic dispersion value of the optical transmission 

45 line 3 is the optimum value during reception. As a result, 
it is possible to keep the effect of chromatic dispersion 
on the optical transmission line 3 to a minimum and to 
maintain a high level and stable transmission quality. 
[0054] Note that, here, a structure is employed in 

50 which clock signals are extracted by a timing extraction 
circuit of the optical receiver and the relative phase dif- 
ference is then determined. However, if a structure is 
employed in which the phase difference is determined 
by waveform sampling via the aforementioned A/D con- 

55 verier or the like as the phase comparator 23, then it is 
not absolutely necessary to extract the clock signals and 
it is possible to obtain the required chromatic dispersion 
control information from the time delay of the waveform 
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of the digital signal. 

[0055] Moreover, as is shown in FIGS. 5A and 5B, 
when performing a transmission by superposing tone 
signals in the optical transmitting apparatus 1 , it is also 
possible to employ a structure in which the tone signals 
are separated out using a band pass filter after the 
squared detection using the optical receivers 22-1 and 
22-2, and the relative phase difference in the two tone 
signals is then detected by the phase comparator 23. 

[Second structural example of the optical receiving 
apparatus 2 of the first embodiment] 

[0056] FIG. 8 shows a second structural example of 
the optical receiving apparatus 2. In FIG. 8, the optical 
receiving apparatus 2 is formed by an optical branching 
device 25 that branches transmitted DCS-RZ optical 
signals into two; an optical filter 26 that separates out 
one SSB component (either the USB component or LSB 
component) from one of the branches; optical receivers 
22-1 and 22-2 that directly detect the respective 
DCS-RZ optical signal and the separated SSB compo- 
nent and extract the clock signal component; a phase 
comparator 23 that detects the relative phase difference 
between the clock signal components; and a tunable 
dispersion compensator 24 that feedbacks the relative 
phase difference as information for controlling chromat- 
ic dispersion, and performs chromatic dispersion com- 
pensation for the optical transmission line 3. 
[0057] The feature of the present structural example 
lies in the fact that DCS-RZ optical signals are directly 
received by the optical receiver 22-1 , and the relative 
phase difference between the clock signal component 
extracted from the DCS-RZ optical signals and the clock 
signal component extracted from the USB component 
or LSB component thereof is determined. When the 
clock signal component is extracted from the DCS-RZ 
optical signals, because the clock signal component is 
generated by the beats of the two SSB components, no 
phase shift accompanied with chromatic dispersion is 
generated. Namely, the present structural example can 
be used as an extremely stable phase reference, and 
can improve the reliability of the chromatic dispersion 
control information being measured. 

[Third structural example of the optical receiving 
apparatus 2 of the first embodiment] 

[0058] FIG. 9 shows a third structural example of the 
optical receiving apparatus 2. In FIG. 9, the optical re- 
ceiving apparatus 2 is formed by an optical filter 26 that 
separates out one SSB component (either the USB 
component or LSB component) from transmitted 
DCS-RZ optical signals; an optical receiver 22 that di- 
rectly detects the SSB component and extracts the clock 
signal component; a phase comparator 27 that detects 
the relative phase difference between the above clock 
signal component and a phase state measured previ- 



ously for a reference dispersion value; and a tunable dis- 
persion compensator 24 that feedbacks the relative 
phase difference as information for controlling chromat- 
ic dispersion, and performs chromatic dispersion com- 

5 pensation for the optical transmission line 3. 

[0059] The feature of the present structural example 
lies in the fact that a phase state of a clock signal com- 
ponent is measured in advance for a reference disper- 
sion value and stored using the optical filter 26, the op- 

10 tical receiver 22, and the phase comparator 27, and the 
relative phase difference between this phase state and 
the phase state of the clock signal component of the 
DCS-RZ optical signal transmitted via the optical trans- 
mission line that is to be measured is detected. This fea- 

15 ture allows the structure of the optical receiving appara- 
tus 2 to be simplified. 

[Fourth structural example of the optical receiving 
apparatus 2 of the first embodiment] 

20 

[0060] FIG. 10 shows a fourth structural example of 
the optical receiving apparatus 2. In FIG. 10, the optical 
receiving apparatus 2 is formed by a tunable band op- 
tical filter 28 that alternately separates out a transmitted 

25 DCS-RZ optical signal and one SSB component (either 
the USB component or LSB component) thereof; an op- 
tical receiver 22 that directly detects the sequentially 
separated DCS-RZ optical signal and one SSB compo- 
nent and extracts the clock signal components thereof; 

30 a phase comparator 29 that detects the relative phase 
difference between the sequentially extracted clock sig- 
nal components: and a tunable dispersion compensator 
24 that feedbacks the relative phase difference as infor- 
mation for controlling chromatic dispersion, and per- 

35 forms chromatic dispersion compensation for the optical 
transmission line 3. 

[0061] The feature of the present structural example 
lies in the fact that, firstly, a DCS-RZ optical signal is 
received and the clock signal component thereof detect- 
ed using the tunable band optical filter 28, the optical 
receiver 22, and the phase comparator 29, and then, for 
example, the USB component is received and the clock 
signal component thereof is detected, and then the rel- 
ative phase difference between the two clock signal 

45 components is detected. This feature allows the struc- 
ture of the optical receiving apparatus 2 to be simplified. 
[0062] Note that in the phase comparators 23, 27, and 
29 of each of the optical receiving apparatuses 2 men- 
tioned above, a phase comparison is performed using 

50 clock signals extracted by the optical receiver 22. How- 
ever, it is also possible for the received waveform to be 
digitalized by the aforementioned A/D converter and for 
the chromatic dispersion control information to be ob- 
tained from the time delay of the digitalized waveform. 

55 [0063] When transmitting with a tone signal super- 
posed by the optical transmitting apparatus 1 , it is also 
possible to employ a structure in which the relative 
phase difference between the two tone signals is detect- 
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ed by the phase comparator. Because it is possible to 
set a frequency for these tone signals independently 
from the bit-rate of the main signal, by changing the fre- 
quency of the tone signals the detection sensitivity and 
range of the relative phase difference between the two 5 
tone signals, namely, the detection sensitivity and range 
of the chromatic dispersion value of the optical trans- 
mission line 3 can be flexibly altered. 
[0064] Moreover, in each of the optical receiving ap- 
paratuses 2 described above, dispersion compensation 10 
is performed at the receiving side, however, it is also 
possible to employ a structure in which the tunable dis- 
persion compensator 24 is placed on the transmitting 
side, and chromatic dispersion control information de- 
tected by the optical receiving apparatus 2 is transferred is 
to the transmitting side using a monitoring signal line or 
the like. 

[0065] Next, the automatic dispersion compensating 
optical link system according to the second embodiment 
will be described. 20 

[First structural example of the automatic dispersion 
compensating optical link system of the second 
embodiment] 

25 

[0066] FIG. 11 shows a first structural example of the 
automatic dispersion compensating optical link system. 
The automatic dispersion compensating optical link sys- 
tem shown in FIG. 11 is formed by a DFB-LD (i.e.,aDFB 
laser diode) 11 that generates stable continuous wave 30 
light; a Mach-Zehnder optical modulator 12; an optical 
amplifier 14; an optical transmission line 3 along which 
optical signals are transmitted; an optical amplifier 31 
that amplifies light attenuated because of loss due to the 
optical transmission line 3; a tunable dispersion com- 35 
pensator 24 that compensates group velocity dispersion 
on the optical transmission line 3; optical filters 26-1 and 
26-2 that extract respectively VSB high frequency com- 
ponents and low frequency components of NRZ or RZ 
optical signals; optical receivers 22-1 and 22-2 that are 40 
equipped with band pass filters that perform squared de- 
tection of the respective optical signals extracted by the 
optical filters 26-1 and 26-2 and separate out tone sig- 
nals from these detected signals when performing dis- 
persion measurement using the tone signals; and a ^ 
phase comparator 23 that measures the relative phase 
difference between the clock signals output from each 
of the optical receivers 22-1 and 22-2 and the phase of 
the reference dispersion values and the like. 
[0067] Next, the operation of the presentstructural ex- 50 
ample will be described. The basic operation of the 
present structural example conforms to the system of 
the first embodiment, however, while in the first embod- 
iment two SSB components, namely : both USB and LSB 
are separated and each is received, the feature of the 55 
operation of the present structural example lies in the 
fact that the VSB components of the NRZ or RZ optical 
signals is selected and is received by the optical filters 



26-1 and 26-2, and the chromatic dispersion is detected 
using the relative difference between the two VSB com- 
ponents. Because the present structural example can 
be applied to normal NRZ or RZ optical signals without 
carrier suppressing means being required, low cost, 
high precision dispersion measuring can be achieved. 

[Second structural example of the automatic dispersion 
compensating optical link system of the second 
embodiment] 

[0068] FIG . 1 2 shows a second structural example of 
the automatic dispersion compensating optical link sys- 
tem. The automatic dispersion compensating optical 
link system shown in FIG. 1 2 is formed by a plurality of 
optical transmitters 1 each formed by a DFB-LD 11, a 
Mach-Zehnder optical modulator 1 2, and an optical am- 
plifier 1 4 and the like and each optical transmitter 1 hav- 
ing one optical wavelength from among an n (wherein 
n is a natural number) number of optical wavelength that 
are all different to each other: an optical multiplexing de- 
vice 15 that performs wavelength-division multiplexing 
on optical signals generated by the optical transmitters 
1 ; an optical transmission line 3 along which optical sig- 
nals are propagated; an optical demultiplexing device 
33 for separating the transmitted wavelength-division 
multiplexed signals into the respective wavelengths; a 
plurality of optical amplifiers 31-1 to 31 -n that amplify 
light attenuated because of loss due to the optical trans- 
mission line 3; a plurality of tunable dispersion compen- 
sators 24-1 to 24-n that compensate group velocity dis- 
persion on the optical transmission line 3; a plurality of 
optical branching devices 39-1 to 39-n that branch a por- 
tion of the light from the optical signals; an optical 
switching circuit 36 that selects an arbitrary channel 
from the branched optical signals; optical filters 26-1 and 
26-2 that extract two SSB components of carrier sup- 
pressed RZ optical signals or extract respectively one 
single VSB component of NRZ or RZ optical signals; op- 
tical receivers 22-1 and 22-2 that are equipped with 
band pass filters that perform squared detection of the 
respective optical signals extracted by the optical filters 
26-1 and 26-2 and separate out tone signals from these 
detected signals when performing dispersion measure- 
ment using the tone signals; a phase comparator 23 that 
measures the relative phase difference between the 
clock signals output from each of the optical receivers 
22-1 and 22-2 and the phase of a reference dispersion 
value; and a control circuit 37 that calculates a chromatic 
dispersion value based on phase change amount infor- 
mation obtained by the phase comparator 23, and con- 
trols the tunable dispersion compensators 24-1 to 24-n 
so that the tunable dispersion compensators 24-1 to 
24-n compensate the calculated chromatic dispersion 
value. 

[0069] An arrayed waveguide grating or the like can 
be used for the optical multiplexing device 15 and the 
optical demultiplexing device 33. An arrayed waveguide 
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grating or a Mach-Zehnder interferometer type optical 
filter can be used for the optical filters 26-1 and 26-2. In 
the present structural example, an optical filter having 
periodic transmittance characteristics is used for the op- 
tical filters 26-1 and 26-2 and it is desirable that an op- 5 
tical filter is used whose repetitive period is an integral 
fraction of the repetition period, namely, of the wave- 
length interval of the optical demultiplexing device 33. 
[0070] Next, the operation of the present structural ex- 
ample will be described. The basic operation of the 10 
present structural example conforms to the system of 
the first embodiment, however, while in the first embod- 
iment only the optical signal of a single wavelength was 
considered, the present structural example is applied to 
a wavelength-division multiplexing system having a plu- *5 
rality of wavelength channels. According to the present 
structural example, because it is possible to measure 
the chromatic dispersion amount of each wavelength 
channel individually, it is possible lo compensate each 
wavelength channel individually by the optimum wave- 20 
length compensation amount for that wavelength chan- 
nel. Moreover, because only one detection circuit needs 
to be used for this compensation, a low-cost, stable op- 
tical link system can be achieved. In addition, if a Mach- 
Zehnder interferometer type optical filter or the like hav- 25 
ing a period equivalent to the wavelength interval is used 
for the optical filters 26-1 and 26-2, the optical signal of 
each channel can each be separated at the same time^ 
into USB and LSB components. 

30 

[Third structural example of the automatic dispersion 
compensating optical link system of the second 
embodiment] 

[0071] FIG. 13 shows a third structural example of the 35 
automatic dispersion compensating optical link system. 
The automatic dispersion compensating optical link sys- 
tem shown in FIG. 13 is formed by a plurality of optical 
transmitters 1 each formed by a DFB-LD 11, a Mach- 
Zehnder optical modulator 12, and an optical amplifier 40 
1 4 and the like and each having a different optical wave- 
length; an optical multiplexing device 15 that performs 
wavelength-division multiplexing on optical signals gen- 
erated by the optical transmitters 1 ; an optical transmis- 
sion line 3 along which optical signals are propagated; <*5 
a tunable dispersion compensator 24 that compensates 
group velocity dispersion including the dispersion slope 
on the optical transmission line 3; an optical demultiplex- 
ing device 33 for separating the transmitted wavelength- 
division multiplexed signals into the respective wave- 50 
lengths; a plurality of optical amplifiers 31 -1 to 31 -n that 
amplify light attenuated because of loss due to the op- 
tical transmission line 3; a plurality of optical branching 
devices 39-1 to 39-n that branch a portion of the light 
from the optical signals; an optical switching circuit 36 55 
that selects an arbitrary channel from the branched op- 
tical signals; optical fitters 26-1 and 26-2 that extract two 
SSB components of carrier suppressed RZ optical sig- 



nals or extract respectively one single VSB component 
of NRZ or RZ optical signals; optical receivers 22-1 and 
22-2 that are equipped with band pass filters that per- 
form squared detection of the respective optical signals 
extracted by the optical filters 26-1 and 26-2 and sepa- 
rate out tone signals from these detected signals when 
performing dispersion measurement using the tone sig- 
nals; a phase comparator 23 that measures the relative 
phase difference between the clock signals output from 
each of the optical receivers 22-1 and 22-2 and the 
phase of a reference dispersion value; and a control cir- 
cuit 37 that calculates a chromatic dispersion value 
based on phase change amount information obtained 
by the phase comparator 23, and controls the tunable 
dispersion compensators 24-1 to 24-n so that the tuna- 
ble dispersion compensators 24-1 to 24-n compensate 
the calculated chromatic dispersion value. 
[0072] Next, the operation of the present structural ex- 
ample will be described. The basic operation of the 
present structural example conforms to the second sys- 
tem of the second embodiment, however, while in the 
structural example of the second system of the second 
embodiment, group velocity dispersion is compensated 
for individual wavelength channels, in the present struc- 
tural example a tunable dispersion compensator 24 is 
provided that is able to compensate all of the plurality 
of wavelength channels including the dispersion slope 
at once. Because it is possible to compensate a plurality 
of wavelength channels at once the number of tunable 
dispersion compensators 24 that are required can be 
reduced, enabling an even lower cost system to be pro- 
vided. 

[0073] Next, the automatic dispersion compensating 
optical link system according to the third embodiment 
will be described. 

[First structural example of the automatic dispersion 
compensating optical link system of the third 
embodiment] 

[0074] FIG . 1 4 shows a first structural example of the 
automatic dispersion compensating optical link system. 
The optical transmitting apparatus 1 shown in FIG. 14 
transmits carrier suppressed RZ encoded optical sig- 
nals generated using carrier suppressing means and bi- 
nary NRZ code or partial response code. The carrier 
suppressed RZ encoded optical signal transmitted via 
the optical transmission line 3 is optically branched by 
an optical branching device 42, and one branch is input 
into an optical receiver 43 while the other branch is input 
into a band dividing device 44. After the binary NRZ 
code or the partial response code has been extracted 
by the band dividing device 44, photoelectric conversion 
is performed by photoelectric converters 45-1 and 45-2 
so that the respective components are converted into 
basebands. Next, bands having an arbitrary center fre- 
quency are extracted from the converted basebands in 
band extracting devices 46-1 and 46-2, and a chromatic 
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dispersion compensating device 41 is controlled so as 
to compensate the chromatic dispersion based on a 
chromatic dispersion value calculated from phase infor- 
mation output from a phase comparing device 47. 
[0075] It is also possible for an optical amplifier to be 
disposed at either the transmission end or the receiving 
end of the optical transmission line 3 or else partway 
between the two so that sufficient optical power is ob- 
tained to ensure a sufficient SN ratio in the optical re- 
ceiver. 

[0076] Hereinbelow, carrier suppressed RZ encoded 
optical signals (referred to below as DCS-RZ optical sig- 
nals) generated from duobinary code are used, howev- 
er, carrier suppressed RZ encoded optical signals that 
use binary RNZ signals (CS-RZ optical signals) or mul- 
tilevel partial response code may also be used. A de- 
tailed description concerning CS-RZ optical signals is 
given in "320-Gbit/s (8 x 40 Gbit/s) WDM Transmissions 
Over 367 km Zero-Dispersion-Flattened Line with 120 
km Repeater Spacing Using Carrier-Suppressed Re- 
turn-to-Zero Pulse Format", Y. Miyamoto et al., Tech. 
Dig. OAA '99, PDP4, 1999. A detailed description con- 
cerning DCS-RZ optical signals is given in "Duobinary 
Carrier Suppressed Return-to-Zero Format and its Ap- 
plication to 100 GHz-Spaced 8 x 43 Gbit/s DWDM Un- 
repeatered Transmissions Over 163 km" Y. Miyamoto et 
aL, Tech. Dig. OFC2001 , Vol. 2, 2001 ". 
[0077] As is shown in FIG. 24A, the optical spectrum 
of DCS-RZ signals has two optical duobinary compo- 
nents (USB and LSB) with a frequency difference N (bit 
rate) in which a carrier component has been sup- 
pressed. Two optical band pass filters that respectively 
extract the USB and LSB components, a Mach-Zehnder 
interferometer type optical filter formed on an optical fib- 
er or optical waveguide, or an arrayed waveguide grat- 
ing can be used as the band dividing device 44. The 
phase comparing device 47 is structured so as to use a 
mixer that outputs a voltage that corresponds to the 
phase difference between two clock signals output from 
the band extracting devices 46-1 and 46-2, or is struc- 
tured so as to determine the phase difference by per- 
forming waveform sampling via an A/D converter or the 
like. The chromatic dispersion compensating device 41 
is structured so as to change a chromatic dispersion val- 
ue on the basis of chromatic dispersion control informa- 
tion, and a structure that employs : for example, an AWG, 
a structure that employs virtually imaged phased array 
(VIPA), or a structure that employs a tunable fiber grat- 
ing may be used for the chromatic dispersion compen- 
sating device 41 . 

[0078] Next, the operation of the system shown in 
FIG. 14 will be described while referring to FIG. 24A to 
24E. DCS-RZ signals transmitted from the optical trans- 
mitting apparatus 1 via the optical transmission line 3 
(FIG. 24A) are divided into USB and LSB components 
by the band dividing device 44 (FIG. 24B). The respec- 
tive components are then converted into basebands by 
photoelectric conversion. Next, arbitrary center frequen- 



cy components (f1 and f2 in FIG. 24C) are extracted by 
the band extracting devices 46-1 and 46-2 from the 
basebands converted from the USB and LSB compo- 
nents (FIG. 24C), and clock signals are generated (FIG. 

5 24D). The phase comparing device 47 then determines 
a relative phase difference AO in the clock signals gen- 
erated from the USB and LSB components (FIG. 24E), 
and controls the chromatic dispersion compensating de- 
vice 41 based on the determined result. 

10 [0079] The range of chromatic dispersion values ca- 
pable of being detected by this operation is inversely 
proportional to the repetitive frequency of the clock sig- 
nal whose relative phase difference is being determined 
(FIGS. 25A and 25B). The range of relative phase dif- 

*s ferences that can be detected when performing phase 
detection using clock signals having a low repetitive fre- 
quency (f1) is greater than when performing phase de- 
tection using clock signals having a high repetition fre- 
quency (f2), allowing the detectable dispersion values 
20 to be increased. On the other hand, because the amount 
of change of the relative phase difference relative to the 
repetitive period is proportional to the repetitive frequen- 
cy, the resolution decreases. 

[0080] In the present structural example, because 
25 clock signals having an arbitrary center frequency can 
be extracted this structure can be applied for the precise 
compensation of chromatic dispersion while the system 
is in operation, in addition to the broad chromatic dis- 
persion compensation performed when the system is 
30 first implemented and the like. 

[Second structural example of the automatic dispersion 
compensating optical link system of the third 
embodiment] 

35 

[0081] FIG. 1 5 shows a second structural example of 
the automatic dispersion compensating optical link sys- 
tem. The present structural example employs a struc- 
ture in which a USB component and an LSB component 

40 that have been divided by the band dividing device 44, 
and the USB and the LSB components are switched by 
an optical switch 48, and the phases of two signals pass- 
ing through band pass filters (BPF) 461 to 46n each hav- 
ing a desired center frequency are compared by a phase 

45 comparator 471 , and are then output to a control circuit 
50 via a low pass filter (LPF) 49-1 . The optical switch 48 
mechanically switches the optical waveguide and may 
be formed by an MEMS switch, an acousto-optic (AO) 
switch, or a thermo-optic (TO) switch. A dielectric filter 

so or a waveguide filter may be used for the BPF 461 to 
46n. 

[0082] By employing the above structure, a low cost 
structure can be achieved by using the phase compa- 
rators 471 to 47n and the photoelectric converters 45-1 
55 to 45-n having operating frequencies that correspond to 
th e center f req u encies of th e respective B P F 46 1 to 46n . 
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[Third structural example of the automatic dispersion 
compensating optical link system of the third 
embodiment] 

[0083] FIG. 16 shows a third structural example of the 5 
automatic dispersion compensating optical link system. 
The present structural example employs a structure in 
which after a USB component and an LSB component 
that have been divided by the band dividing device 44 
have been converted into basebands by the photoelec- 10 
trie converters 45-1 and 45-2, and the baseband signals 
are switched by an electrical switch 51 , phases of two 
signals that have passed through the band pass filters 
(BPF) 461 to 46n each having a desired center frequen- 
cy are compared by the phase comparator 471 , and are *s 
then output to a control circuit 50 via a low pass filter 
(LPF) 49-1. The electrical switch 51 mechanically 
switches the coaxial cables and may be formed by a dig- 
ilal IC. 

[0084] By employing the above structure, it is possible 20 
for the photoelectric converters 45-1 and 45-2 to be 
shared. In addition, the electrical components can be 
integrated and the apparatus can be reduced in size and 
made more stable. 

25 

[Fourth structural example of the automatic dispersion 
compensating optical link system of the third 
embodiment] 

[0085] FIG. 17 shows a fourth structural example of 30 
the automatic dispersion compensating optical link sys- 
tem. In order to generate clock signals having the de- 
sired repetitive frequency, the present structural exam- 
ple is provided with tunable BPF 52-1 and 52-2 that can 
be adjusted to the desired center frequency 35 
[0086] By employing the above structure, it is possible 
for the components to be shared, which allows the ap- 
paratus to be reduced in size and made more stable. In 
addition, it is possible to detect a chromatic dispersion 
value using clock signals having an arbitrary repetitive 40 
frequency. 

[0087] Moreover, when detecting a relative phase dif- 
ference by changing the repetitive frequency, in order to 
set an initial value for each repetitive frequency it is nec- 
essary to provide a delay corresponding to the repetitive 45 
frequency using tunable delayers 51-1 and 51-2. 
[0088] However, for example, the method below may 
be used in order to make the tunable delayers 51-1 and 
51-2 unnecessary. Firstly, a delay corresponding to a 
repetition frequency (F) in which a nonstandard chro- so 
matic dispersion value can be detected in the link sys- 
tem being introduced, is applied. In orderto improve the 
detection resolution of the dispersion value, the relative 
phase difference is detected using clock signals having 
a repetitive frequency of 2n (wherein n is an integer) 4- 55 
1 times the frequency (F). By selecting this repetitive 
frequency it is possible to set an initial value without al- 
tering the delay initially applied, and it is possible to cor- 



rectly detect the relative phase difference including the 
polarity thereof. Therefore, the tunable delayers 51-1 
and 51-2 can be omitted and the size of the apparatus 
can be reduced. 

[0089] Next, the automatic dispersion compensating 
optical link system of the fourth embodiment will be de- 
scribed. 

[First structural example of the automatic dispersion 
compensating optical link system of the fourth 
embodiment] 

[0090] FIG. 18 shows a first structural example of the 
automatic dispersion compensating optical link system. 
The feature of the structural example shown in FIG. 18 
that is different from the first structural example of the 
third embodiment (FIG. 14) is the fact that optical band 
extracting devices 53-1 and 53-2 are used as means for 
generating clock signals having an arbitrary repetitive 
frequency. 

[0091] Next, the operation of the system shown in 
FIG. 18 will be described while referring to FIGS. 26A 
to 26E. DCS-RZ signals transmitted from the optical 
transmitting apparatus 1 via the optical transmission line 
3 are divided into USB and LSB components by the 
band dividing device 44 (FIG. 26A). Next, the carriers of 
the USB and LSB components respectively and arbi- 
trary center wavelength components are extracted by 
the optical band extracting devices 53-1 and 53-2 from 
the divided USB and LSB components (FIG. 26B). 
When the USB carrier and an arbitrary center wave- 
length component and the LSB carrier and an arbitrary 
wavelength component are then input respectively into 
a photoelectric conversion devices, they are converted 
into beat signals that correspond to the optical frequen- 
cy difference between the carrier and the arbitrary cent- 
er wavelength (f1 and f2 in FIG. 26C) (FIG. 26C), and 
clock signals that have this optical frequency difference 
as their repetitive frequency are generated (FIG. 26D). 
The phase comparing device then determines a relative 
phase difference AO in the clock signals generated from 
the USB and LSB components (FIG. 26E), and controls 
the chromatic dispersion compensating device based 
on the determined result. 

[0092] In the present structural example, because it 
is possible to extract an arbitrary centerfrequency com- 
ponent this structure can be used for the precise com- 
pensation of chromatic dispersion while the system is in 
operation, in addition to the broad chromatic dispersion 
compensation performed when the system is first imple- 
mented and the like. Moreover, by using the optical band 
extracting devices 53-1 and 53-2, the same structure 
can be applied to even faster optical signals. As a result, 
bit rate flexibility with regard to the band extracting de- 
vice so that if even higher speeds are envisioned the 
structure has the advantage of the number of high fre- 
quency components such as the band pass filter being 
able to be reduced. 
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[Second structural example of the automatic dispersion 
compensating optical link system of the fourth 
embodiment] 

[0093] FIG. 19 shows a second structural example of 
the automatic dispersion compensating optical link sys- 
tem. In this structural example, the USB component and 
LSB component that have been divided by the band di- 
viding device 44 is switched by the optical switch 48, 
and the optical signals passing through optical band 
bass filters (OBPF) 531 to 53n that extract optical bands 
having desired center wavelengths are converted into 
electrical signals by photoelectric converters 45-1 and 
45-2, and the phases of the two electrical signals are 
then compared by the phase comparator 471 . The out- 
put from the phase comparator 471 then passes through 
an LPF 49-1 and is then output to the control circuit 50. 
As the OBPF 531 to 53n it is possible to use a dielectric 
multilayer filter, a fiber grating filter, a Mach-Zehnder 
interferometertype optical filter formed on an optical fib- 
er or on an optical waveguide, or an arrayed waveguide 
grating. 

[0094] By employing the above structure, it is suffi- 
cient if the photoelectric converters 45-1 to 45-n and the 
phase comparators 471 to 47n have an operating fre- 
quency that corresponds to the optical frequency differ- 
ence between the center frequencies of the respective 
OBPF 531 to 53n and the carriers of the USB compo- 
nent or LSB component. As a result, a low cost structure 
can be achieved. 

[Third structural example of the automatic dispersion 
compensating optical link system of the fourth 
embodiment] 

[0095] FIG. 20 shows a second structural example of 
the automatic dispersion compensating optical link sys- 
tem. In this structural example, the USB component and 
LSB component that have been divided by the band di- 
viding device 44 are input, via an optical switch 48-1, 
into optical band bass filters (OBPF) 531 to 53n that ex- 
tract optical bands having desired center wavelengths. 
The extracted optical bands are then input, via an optical 
switch 48-2, into the photoelectric converters 45-1 and 
45-2 and are converted into two electrical signals. The 
phases of the two electrical signals thus obtained are 
then compared by the phase comparator 471 , and the 
output from the phase comparator 471 then passes 
through an LPF 49 and is then output to the control cir- 
cuit 50. The optical switches 48-1 and 48-2 mechanical- 
ly switch the optical waveguide and may be formed by 
MEMS switches, acoustooptic (AO) switches, or ther- 
mo-optic (TO) switches. 

[0096] By employing the above structure, it is possible 
for the photoelectric converters 45-1 and 45-2 and for 
the phase comparator 471 to be shared. In addition, the 
electrical components can be integrated and the appa- 
ratus can be reduced in size and made more stable. 



[Fourth structural example of the automatic dispersion 
compensating optical link system of the fourth 
embodiment] 

5 [0097] FIG. 21 shows a fourth structural example of 
the automatic dispersion compensating optical link sys- 
tem. In order to generate clock signals having the de- 
sired repetitive frequency, the present structural exam- 
ple is provided with tunable OBPF 54-1 and 54-2 that 

i'o can be adjusted to the desired center frequency. 

[0098] By employing the above structure, it is possible 
for the components to be shared, which allows the ap- 
paratus to be reduced in size and made more stable. In 
addition, it is possible to detect the chromatic dispersion 

15 value using the clock signals having arbitrary repetitive 
frequencies. Furthermore, for example, the method de- 
scribed in the fourth structural example of the automatic 
dispersion compensating optical link system of the third 
embodiment can be used to render the tunable delayers 

20 51-1 and 51-2 unnecessary. 

[0099] Next, the automatic dispersion compensating 
optical link system of the fifth embodiment will be de- 
scribed. 

25 [First structural example of the automatic dispersion 
compensating optical link system of the fifth 
embodiment] 

[0100] FIG. 22 shows a first structural example of the 

30 automatic dispersion compensating optical link system, 
in the above described third and fourth embodiments, 
the chromatic dispersion is compensated by the detect- 
ed relative phase difference in clock signals extracted 
from band divided USB and LSB components. The fifth 

35 embodiment differs in that polarization mode dispersion 
is compensated by monitoring the intensity of extracted 
clock signals. The optical transmitting apparatus 1 
shown in FIG. 22 transmits carrier suppressed RZ en- 
coded optical signals generated using carrier suppress- 

40 ing means and binary NRZ code or partial response 
code. Carrier suppressed RZ encoded optical signals 
transmitted via the optical transmission line 3 are 
branched by the optical branching device 42, and one 
branch is input into an optical receiver 43 while the other 

45 branch is input into a band dividing device 44. After the 
binary NRZ code or the partial response code has been 
extracted by the band dividing device 44, photoelectric 
conversion is performed by photoelectric converters 
45-1 and 45-2 so that the respective components are 

50 converted into basebands. Next : bands having arbitrary 
center frequencies are extracted from the converted 
basebands, and the chromatic dispersion compensat- 
ing device 41 is controlled so as to compensate the chro- 
matic dispersion based on a chromatic dispersion value 

55 calculated from phase information. The intensity of at 
least one of the extracted bands is monitored by inten- 
sity detection device 57, and the polarization mode dis- 
persion compensating device 55 is controlled so that the 
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dispersion of the polarization mode is compensated 
such that this intensity is at maximum. 
[0101] It is also possible for an optical amplifier to be 
disposed at either the transmission end orthe receiving 
end of the optical transmission line 3 or else partway 5 
between the two so that sufficient optical power is ob- 
tained to ensure a sufficient SN ratio in the optical re- 
ceiver. 

[0102] Two optical band pass filters that respectively 
divide the USB and LSB components, a Mach-Zehnder 10 
interferometer type optical filter formed on an optical fib- 
er or optical waveguide, or an arrayed waveguide grat- 
ing can be used as the band dividing device 44. The 
phase comparing device 47 is structured so as to use a 
mixer that outputs a voltage that corresponds to the 15 
phase difference between two clock signals output from 
the band extracting devices 46-1 and 46-2, or is struc- 
tured so as to determine the phase difference by per- 
forming waveform sampling via an A/D converter or the 
like. The chromatic dispersion compensating device 41 20 
is structured so as to change a chromatic dispersion val- 
ue on the basis of chromatic dispersion control informa- 
tion, and a structure that employs : for example, an AWG, 
a structure that employs virtually imaged phased array 
(VI PA), or a structure that employs a tunable fiber grat- 25 
ing may be used for the chromatic dispersion compen- 
sating device 41 . The intensity detection device 57 may 
be formed, for example, by an RF spectrum analyzer or 
by using an RF power meter. The polarization mode dis- 
persion compensating device 55 is structured such that 30 
it can change the polarization mode dispersion value so 
that the intensity monitored by the intensity detection de- 
vice 57 is at maximum. Such structures include, for ex- 
ample, a structure in which a fixed polarization mode 
dispersion value is applied and the power ratio of the 35 
two primary states of polarization (PSP) of the input sig- 
nals is changed; and a structure in which, after the input 
signal has been split into orthogonal polarizations by a 
polarization beam splitter (PBS), and the delay in one 
polarization is optically or electrically changed. 40 
[01 03] According to the present structural example, in 
addition to it being possible to perform chromatic disper- 
sion compensation, it is also possible tocompensate po- 
larization mode dispersion independently from the chro- 
matic dispersion using clock signals detected in the *s 
chromatic dispersion compensation. 

[Second structural example of the automatic dispersion 

compensating optical link system of the fifth 

embodiment] so 

[01 04] FIG. 23 shows a second structural example of 
the automatic dispersion compensating optical link sys- 
tem. The structural example shown in FIG. 23 is basi- 
cally the same as that shown in FIG. 17, however, the 55 
structural example of the fifth embodiment can be ap- 
plied in all of the structural example described above. 
[0105] An example of an algorithm for the chromatic 



dispersion and polarization mode dispersion compen- 
sation methods is shown below. 

[0106] When the system is started up the relative 
phase difference in the clock signals is detected and the 
chromatic dispersion is compensated. After the chro- 
matic dispersion has been compensated, the polariza- 
tion mode dispersion is compensated such that the in- 
tensity of the clock signals is at maximum. 
[0107] However, when the system is operating both 
the intensity and relative phase difference of the clock 
signals are monitored, and the chromatic dispersion is 
compensated when both of them change. When only the 
intensity changes the polarization mode dispersion is 
compensated. In this way, it is possible to compensate 
chromatic dispersion and polarization mode dispersion 
independently without affecting the transmitted signals 
even when the system is in operation. 
[0108] Note that, in addition to the optical signals de- 
scribed in the first, second, and third embodiments, the 
automatic dispersion compensating optical link system 
of the present invention can also be used with various 
code formats such as DPSK format, QPSK format, Du- 
obinary format, BPSK format, CRZ format, CS-RZ for- 
mat, DCS-RZ format, RZ-DPSK format (T. Miyano et. 
al.,Tech. Dig. In OECC 2000, paper 14D3-3, July 2000), 
and CS-RZ-DPSK format disclosed in Japanese Unex- 
amined Patent Application, First Publication No. 
2002-040855. 



Claims 

1. A high precision chromatic dispersion measuring 
method, comprising the steps of: 

an optical signal transmission step in which dig- 
ital optical signals are transmitted on an optical 
transmission line; 

an optical signal receiving step in which the dig- 
ital optical signals transmitted on the optical 
transmission line are separated into at least two 
band components and are received; and 
a chromatic dispersion value calculation step in 
which a chromatic dispersion value is calculat- 
ed for the optical transmission line, based on 
information about a relative phase difference 
between the received band components. 

2. The high precision chromatic dispersion measuring 
method according to claim 1 , 

wherein the digital optical signals are carrier 
suppressed RZ encoded optical signals generated 
using carrier suppressing means and binary NRZ 
code or partial response code, or are carrier sup- 
pressed clock signals generated using carrier sup- 
pressing means and clock signals, 

wherein, in the optical signal receiving step, 
two bands of the carrier suppressed RZ encoded 
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optical signals or of the carrier suppressed dock 
signals transmitted on the optical transmission line 
are each divided into bands and are received, and 
wherein, in the chromatic dispersion value 
calculation step, phase information on the respec- 5 
tive basebands is extracted from binary NRZ code 
components or partial response code components 
or clock signals in each of the bands and a relative 
phase difference thereof is detected, and a chro- 
matic dispersion value of the optical transmission 10 
line is calculated from the relative phase difference. 

3. The high precision chromatic dispersion measuring 
method according to claim 1, 

wherein the digital optical signals are carrier is 
suppressed RZ encoded optical signals generated 
using carrier suppressing means and binary NRZ 
code or partial response code, or are carrier sup- 
pressed clock signals generated using carrier sup- 
pressing means and clock signals, 20 

wherein, in the optical signal receiving step, 
both of the two bands and one of the two bands of 
the carrier suppressed RZ encoded optical signals 
or of the carrier suppressed clock signals transmit- 
ted on the optical transmission line are each divided 25 
into bands and are received, and 

wherein, in the chromatic dispersion value 
calculation step, phase information on the respec- 
tive basebands is extracted from binary RZ or NRZ 
code components or partial response code compo- 30 
nents or clock signals in each of the bands and a 
relative phase difference thereof is detected, and a 
chromatic dispersion value of the optical transmis- 
sion line is calculated from the relative phase differ- 
ence. 35 

4. The high precision chromatic dispersion measuring 
method according to claim 1, 

wherein the digital optical signals are carrier 
suppressed RZ encoded optical signals generated *o 
using carrier suppressing means and binary NRZ 
code or partial response code, or are carrier sup- 
pressed clock signals generated using carrier sup- 
pressing means and clock signals, 

wherein, in the optical signal receiving step, 45 
one of the two bands of the carrier suppressed RZ 
encoded optical signals or of Ihe carrier suppressed 
clock signals transmitted on the optical transmis- 
sion line is received, and 

wherein, in the chromatic dispersion value so 
calculation step, phase information on the base- 
bands of binary NRZ code components or partial 
response code components or clock signals in each 
of the bands is extracted, and a relative phase dif- 
ference between the detected phase and a phase 55 
state measured for a reference dispersion value in 
advance is detected, and a chromatic dispersion 
value of the optical transmission line is calculated 



from the relative phase difference. 

3. The high precision chromatic dispersion measuring 
method according to claim 1 , 

wherein the digital optical signals are carrier 
suppressed RZ encoded optical signals generated 
using carrier suppressing means and binary NRZ 
code or partial response code, or are carrier sup- 
pressed clock signals generated using carrier sup- 
pressing means and clock signals, 

wherein, in the optical signal receiving step, 
both of the two bands and one of the two bands of 
the carrier suppressed RZ encoded optical signals 
or of the carrier suppressed clock signals transmit- 
ted on the optical transmission line is sequentially 
received with the division band switched, and 

wherein, in the chromatic dispersion value 
calculation step, phase information on the respec- 
tive basebands is extracted from binary RZ or NRZ 
code components or partial response code compo- 
nents or clock signals in each of the bands and a 
relative phase difference thereof is detected, and a 
chromatic dispersion value of the optical transmis- 
sion line is calculated from the relative phase differ- 
ence. 

6. The high precision chromatic dispersion measuring 
method according to claim 1 , 

wherein the digital optical signals are NRZ en- 
coded optical signals, RZ encoded optical signals 
or optical clock signals, 

wherein, in the optical signal receiving step, 
two vestigial side bands (VSB) of the NRZ encoded 
optica! signals, the RZ encoded optical signals or 
the optical clock signals transmitted on the optical 
transmission line are each divided into bands and 
are received, and 

wherein, in the chromatic dispersion value 
calculation step, phase information of respective 
basebands is extracted from NRZ components or 
clock components in each band and a relative 
phase difference thereof is detected, and a chro- 
matic dispersion value of the optical transmission 
line is calculated from the relative phase difference. 

7. The high precision chromatic dispersion measuring 
method according to claim 1 , 

wherein the digital optical signals are N RZ en- 
coded optical signals, RZ encoded optical signals 
or optical clock signals, 

wherein, in the optical signal receiving step, 
both of the two VSB bands and one of the two VSB 
bands of the NRZ encoded optical signals, the RZ 
encoded optical signals or the optical clock signals 
transmitted on the optical transmission line are 
each divided into bands and are received, and 

wherein, in the chromatic dispersion value 
calculation step, phase information of respective 
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basebands is extracted from NRZ components or 
clock components in each band and a relative 
phase difference thereof is detected, and a chro- 
matic dispersion value of the optical transmission 
line is calculated from the relative phase difference. 

8. The high precision chromatic dispersion measuring 
method according to claim 1 , 

wherein the digital optical signals are NRZ en- 
coded optical signals, RZ encoded optical signals 
or optical clock signals,. 

wherein, in the optical signal receiving step, 
one of the two VSB bands of the NRZ encoded op- 
tical signals, the RZ encoded optical signals or the 
optical clock signals transmitted on the optical 
transmission line is received, and 

wherein, in the chromatic dispersion value 
calculation step, phase information of respective 
basebands is extracted from NRZ components or 
clock components in the band, and a relative phase 
difference between the phase information and a 
phase state measured for a reference dispersion 
value in advance is detected, and a chromatic dis- 
persion value of the optical transmission line is cal- 
culated from the relative phase difference. 

9. The high precision chromatic dispersion measuring 
method according to claim 1 , 

wherein the digital optical signals are NRZ en- 
coded optical signals, RZ encoded optical signals 
or optical clock signals, 

wherein, in the optical signal receiving step, 
both of the two VSB bands and one of the two VSB 
bands of the NRZ encoded optical signals, the RZ 
encoded optical signals or the optical clock signals 
transmitted on the optical transmission line is se- 
quentially received with the division band switched, 
and 

wherein, in the chromatic dispersion value 
calculation step, phase information of respective 
basebands is extracted from NRZ components or 
clock components in each band and a relative 
phase difference thereof is detected, and a chro- 
matic dispersion value of the optical transmission 
line is calculated from the relative phase difference. 

10. The high precision chromatic dispersion measuring 
method according to any of claims 2 to 5, wherein 
continuous wave light is modulated with binary NRZ 
code or partial response code or clock signals, and 
the modulated signal is encoded to generate RZ 
code by adding an alternating phase difference by 
means of modulation using clock signals having a 
frequency of m/ 2 times the bit rate of the modulation 
signal (wherein m is a positive integer), and the car- 
rier suppressed RZ encoded optical signals or the 
carrier suppressed clock signals are generated. 
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1 1 . The high precision chromatic dispersion measuring 
method according to any of claims 2 to 5, wherein 
carrier suppressed clock signals are generated by 
modulating continuous wave light using clock sig- 

5 nals having a frequency of m/ 2 times the bit rate of 

a modulation signal (wherein m is a positive inte- 
ger), and modulates these carrier suppressed clock 
signals as the modulation signals with binary NRZ 
code, partial response code, or clock signals, and 

10 the carrier suppressed RZ encoded optical signals 
or the carrier suppressed clock signals are thereby 
generated. 

1 2. The high precision chromatic dispersion measuring 
is method according to claim 1 0, 

wherein a tone signal is superposed on the 
continuous wave light or the modulation signal, and 
wherein, at the receiving side, two bands of 
the carrier suppressed RZ encoded optical signals 
^° or of the carrier suppressed clock signals are each 
divided into bands and are received, and a relative 
phase difference is detected by separating out the 
tone signals in each of the bands, and a chromatic 
dispersion value for the optical transmission line is 
25 calculated from the relative phase difference. 

13. The high precision chromatic dispersion measuring 
method according to claim 11 , 

wherein a tone signal is superposed on the 
30 continuous wave light or the modulation signal, and 
wherein, at the receiving side, two bands of 
the carrier suppressed RZ encoded optical signals 
or of the carrier suppressed clock signals are each 
band divided into bands and are receive, and a rel- 
35 ative phase difference is detected by separating out 
the tone signals in each of the bands, and a chro- 
matic dispersion value for the optical transmission 
line is calculated from the relative phase difference. 

40 14. The high precision chromatic dispersion measuring 
method according to claim 1 0, 

wherein a tone signal is superposed on the 
continuous wave light or the modulation signal, and 
wherein, at the receiving side, both of the two 

^5 bands and one of the two bands of the carrier sup- 
pressed RZ encoded optical signals or of the carrier 
suppressed clock signals are each band divided in- 
to bands and are received, and a relative phase dif- 
ference is detected by separating out the tone sig- 

50 nals in each of the bands, and a chromatic disper- 

sion value for the optical transmission line is calcu- 
lated from the relative phase difference. 

15. The high precision chromatic dispersion measuring 
55 method according to claim 1 1 , 

wherein a tone signal is superposed on the 
continuous wave light or the modulation signal, and 
wherein, at the receiving side, both of the two 
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34 



bands and one of the two bands of the carrier sup- 
pressed RZ encoded optical signals or of the carrier 
suppressed clock signals are each band divided in- 
to bands and are received, and a relative phase dif- 
ference is detected by separating out the tone sig- 
nals in each of the bands, and a chromatic disper- 
sion value for the optical transmission line is calcu- 
lated from the relative phase difference. 

16. The high precision chromatic dispersion measuring 
method according to claim 10, 

wherein a tone signal is superposed on the 
continuous wave light orthe modulation signal, and 
wherein, at the receiving side, one of the two 
bands of the carrier suppressed RZ encoded optical 
signals or of the carrier suppressed clock signals is 
received, and phase information is extracted by 
se paratin g out the tone signals in the band, and a 



10 



continuous wave light orthe modulation signal, and 
wherein, at the receiving side, both of the two 
bands and one of the two bands of the carrier sup- 
pressed RZ encoded optical signals or of the carrier 
suppressed clock signals are sequentially received 
with the division band switched, and a relative 
phase difference is detected by separating out the 
tone signals in each of the bands, and a chromatic 
dispersion value for the optical transmission line is 
calculated from the relative phase difference. 



20. An automatic dispersion compensating optical link 
system comprising a device which calculates a 
chromatic dispersion value for an optical transmis- 
15 sion line using the high precision chromatic disper- 
sion measuring method according to any of claims 
1 to 9 that is provided on an optical transmitting ap- 
paratus and an optical receiving apparatus con- 



relative phase difference is detected between the 
phase information and a phase state measured for 
a reference dispersion value in advance, and a 
chromatic dispersion value for the optical transmis- 
sion line is calculated from the relative phase differ- 
ence. 

17. The high precision chromatic dispersion measuring 
method according to claim 11, 

wherein a tone signal is superposed on the 
continuous wave light orthe modulation signal, and 

wherein, at the receiving side, one of the two 
bands of the carrier suppressed RZ encoded optical 
signals or of the carrier suppressed clock signals is 
received, and phase information is extracted by 
separating out the tone signals in the band, and a 
relative phase difference is detected between the 
phase information and a phase state measured for 
a reference dispersion value in advance, and a 
chromatic dispersion value for the optical transmis- 
sion line is calculated from that relative phase dif- 
ference. 

18. The high precision chromatic dispersion measuring 
method according to claim 10, 

wherein a tone signal is superposed on the 
continuous wave light orthe modulation signal, and 

wherein, at the receiving side, both of the two 
bands and one of the two bands of the carrier sup- 
pressed RZ encoded optical signals or of the carrier 
suppressed clock signals are sequentially received 
with the division band switched, and a relative 
phase difference is detected by separating out the 
tone signals in each of the bands, and a chromatic 
dispersion value for the optical transmission line is 
calculated from the relative phase difference. 

19. The high precision chromatic dispersion measuring 
method according to claim 11 , 

wherein a tone signal is superposed on the 



nected via an optical transmission line. 



20 



21 . The automatic dispersion compensating optical link 
system according to claim 20, the automatic disper- 
sion compensating optical link system being further 
provided with a dispersion compensating device 

25 which performs dispersion compensation in any of 
the optical transmitting apparatus, the optical re- 
ceiving apparatus, and the optical transmission line 
based on a chromatic dispersion value for the opti- 
cal transmission line calculated by the device for 

30 calculating the chromatic dispersion value. 

22. The automatic dispersion compensating optical link 
system according to claim 20, 

wherein the optical transmitting apparatus 
35 and the optical receiving apparatus are respectively 
formed by wavelength-division multiplexing trans- 
mitting apparatus and wavelength-division multi- 
plexing receiving apparatus, and 

wherein the device for calculating the chro- 
40 matic dispersion value calculates the chromatic dis- 
persion value of at least one wavelength channel. 

23. The automatic dispersion compensating optical link 
system according to claim 22, wherein the automat- 
es ic dispersion compensating optical link system is 

further provided with a dispersion compensating 
device that performs dispersion compensation 
based on a calculated chromatic dispersion value 
for the optical transmission line. 

50 

24. The automatic dispersion compensating optical link 
system according to claim 22, wherein the device 
for calculating the chromatic dispersion value is pro- 
vided with an optical switch capable of switching a - 

55 plurality of wavelength channels, and the device for 

calculating the chromatic dispersion value is shared 
between a plurality of wavelength channels. 



18 



35 



EP 1 271 814 A2 



36 



25. The automatic dispersion compensating optical link 
system according to claim 23, 
wherein the device tor calculating the chromatic dis- 
persion value is provided with an optical switch ca- 
pable of switching a plurality of wavelength chan- 5 
nels. 



optical bands extracted from the respective 
bands into electrical signals; and 
a phase comparing device that extracts and 
compares phase information from baseband 
signals extracted from the photoelectric con- 
version device. 



26. The automatic dispersion compensating optical link 
system according to claim 20, wherein 

the optical transmitting apparatus generates 
carrier suppressed RZ encoded signals generated 
using carrier suppressed clock generation device 
and binary NRZ code or partial response encoding 
device, and transmits the generated signals on the 
optical transmission line, and wherein 

the optical receiving apparatus comprises: 



28. The automatic dispersion compensating optical link 
system according to claim 26, wherein the automat- 
ic dispersion compensating optical link system is 
further provided with : a polarization dispersion com- 
pensating device that performs polarization disper- 
sion compensation; and an intensity measuring de- 
vice which measures an intensity in at least one of 
the band or the optical band extracted from each 
divided band. 



10 



15 



a chromatic dispersion compensating device 
that performs chromatic dispersion compensa- 
tion by changing a chromatic dispersion 20 
amount; 

a band dividing device that divides each of two 
bands of the carrier suppressed RZ encoded 
optical signal; 

a photoelectric conversion device that converts 25 
optical signals of each of the divided bands into 
electrical signals; 

a band extracting device that extracts a band 
having an arbitrary center frequency from base- 
band signals output from the photoelectric con- 30 
version device: and 

a phase comparing device that extracts and 
compares phase information of bands having 
the same center baseband frequencies extract- 
ed from the optical signals of the respective 35 
bands. 

27. The automatic dispersion compensating optical link 
system according to claim 20, wherein 

the optical transmitting apparatus generates *o 
carrier suppressed RZ encoded optical signals gen- 
erated using carrier suppressed clock generation 
device and binary NRZ code or partial response en- 
coding device, and transmits the generated signals 
on the optical transmission line, and wherein 45 

the optical receiving apparatus comprises: 

a chromatic dispersion compensating device 
that performs chromatic dispersion compensa- 
tion by changing a chromatic dispersion 50 
amount; 

a band dividing device that divides each of two 
bands of the carrier suppressed RZ encoded 
optical signal; 

an optical band extracting device that extracts 55 
an optical band having an arbitrary center fre- 
quency from the respective divided bands; 
a photoelectric conversion device that converts 



29. The automatic dispersion compensating optical link 
system according to claim 27, wherein the automat- 
ic dispersion compensating optical link system is 
further provided with: a polarization dispersion com- 
pensating device that performs polarization disper- 
sion compensation; and an intensity measuring de- 
vice which measures an intensity in at least one of 
the band or the optical band extracted from each 
divided band. 

30. An optical receiving apparatus which receives dig- 
ital optical signals from an optical transmission line, 
comprising: 

a device which separates out and extracts two 
different frequency components from among 
optical spectrum components of the received 
digital optical signals; 

a phase comparing device which detects a rel- 
ative phase difference between the extracted 
frequency components; 

a chromatic dispersion measuring device which 
calculates a chromatic dispersion amount of 
the digital optical signals due to the optical 
transmission line based on relative phase dif- 
ference information obtained from the phase 
comparing device; and 

a dispersion compensating device which com- 
pensates chromatic dispersion of the optical 
transmission line based on a measurement re- 
sult of the chromatic dispersion measuring de- 
vice. 

31. The optical receiving apparatus according to claim 
30, wherein the optical receiving apparatus is fur- 
ther provided with a polarization mode dispersion 
compensating device. 
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